[Headnote] Abstract Eye Movement Desensitization and Reprocessing represents a promising approach to treatment of posttraumatic disorders. The specific factors underlying its effectiveness rely particularly on bilateral stimulation, which seems to provoke a specific neurobiological response during traumatic recall particularly in individuals with PTSD. The empirical findings provide evidence for the effect of BLS on autonomic nervous system shifting me balance towards parasympathetic activation (reducing arousal) as well as the effect on subjectively perceived vividness and emotional burden of autobiographic memories (decrease). The most credible hypotheses derive the effects from neurobiological mechanisms employed in dual focus attention, orienting reflex and REM sleep. Further research is needed to explore the processes included in the EMDR therapy in more detail and clarify the role of bilateral stimulation.
INTRODUCTION
Eye Movement Desensitization and Reprocessing (EMDR) is a structured treatment method integrating effective components of various psychotherapeutic approaches (cognitive, behavioral, psychodynamic, hypnotherapy etc.) with bilateral stimulation. Bilateral stimulation (BLS) contains elementary sensory stimuli that alternately activate left-right hemisphere through visual, tactile or auditory modalities (Shapiro & Maxfield, 2002) . BLS is mainly used in specific phases of treatment related to recall of traumatic memory, when reprocessing of information and memory modification is needed for further progress of the therapy. Recent findings suggest that EMDR and its specific components related to BLS might engage a specific neurobiological mechanism that could be substantially responsible for its efficiency.
POSTTRAUMATIC STRESS DISORDER AND TRAUMATIC MEMORIES
Most apparent symptoms that occur in PTSD are recurrent extremely vivid recollections of traumatic experience (intrusions) that are frequently related to partial or complete amnesia and decrease of affective control. Typical manifestations of PTSD present extreme level of arousal linked to a specific pattern of neural activity that is repeatedly triggered during every traumatic recall (van der Kolk, 2004) . Crucial neurobiological changes related to this process present activation of the hippocampus and the amygdala together with deactivations in prefrontal cortex (Rauch et al., 2006) reflecting a shift into diverse mode of memory encoding (Diamond et al., 2007) . This atypical mode of memory encoding likely could explain disintegrated nature of traumatic memories with typical deficits in temporal and semantic context known as dissociation. According to recent findings dissociation may play a key role in pathogenesis of posttraumatic disorder (van der Kolk, 1996; Bryant, 2007; Nijenhuis et al., 2004; van der Hart et al., 2005) . Wimin this context, psychotherapy of PTSD mainly aims at integration and modification of traumatic memories and facilitating new learning. On the other hand unsuccessful therapy may cause re-traumatization and strengthening of traumatic memory.
EMDR AND BILATERAL STIMULATION (BLS)
A specific feature of EMDR therapy is BLS. Bilateral stimulation in general includes elementary sensory stimuli that alternately elicit left and right hemispheric activity through visual, tactile or auditory modalities. In a typical clinical setting the most frequent procedure is visual stimulation that is performed by a therapist using a finger that moves back and forth along a horizontal line about 50 cm in front of the patient's face that produces saccadic or pursuit eye movements (Shapiro, 2001) . The visual stimulation is the best known procedure of BLS but there are also methods using other types of stimulation such as tactile or auditory stimuli bilaterally alternating with relatively regular rhythms (approximately 0,5-2Hz) (Shapiro, 2001) . Although BLS may be applied in various sensory modalities, majority of recent studies were focused on eye movements (Davidson & Parker, 2001) . In summary, recent findings suggest that several procedural elements of EMDR such as selection of treatment targets, mindfulness-like attitude, alignment of memory fragments, somatic awareness, cognitive restructuring and perceived mastery, induced by its specific therapeutic procedure contribute to therapeutic effectiveness (Solomon & Shapiro, 2008) .
EMDR AND AROUSAL
The majority of studies focusing on influence of EMDR on physiology compared pre-and post-values of physiological measures (Dunn et al., 1996; Montgomery & Ayllon, 1994) , only a few recorded them during engagement in BLS (Wilson et al., 1996) . These studies relatively consistently show dearousal effect of BLS, through activating parasympathetic cholinergic system while inhibiting the sympathetic system (Wilson et al., 1996; Barrowcliff, 2003 Barrowcliff, , 2004 Sack et al., 2008a,b; Elofsson et al., 2007) . At onset of the stimulation, a sharp increase of heart rate variability and a significant decrease of heart rate can be observed (Sack et al., 2008a) as well as the decrease of skin conductance level, increase of skin temperature and a changed balance between high frequency and low frequency heart rate variability (Elofsson et al., 2007) . During ongoing stimulation, the stress-related arousal increases but remains on a rather lower level and there is a marked trend to significant decrease of psychophysiological activity across entire sessions. Interestingly, Kreyer (2008) in her very thoroughly conducted study found that significant relaxation response is released in eye movements (IHz and 0,3 Hz) as well as in eyes fixed condition.
These findings indicate that although the retrieval of traumatic memory leads to elevation of cardiovascular action that is supposed to hinder processing of information in central nervous system, after application of EMDR stimulation, immediate shift in heart rate is prompted with subsequent increase of heart rate variability accompanying parasympathetic dominance (Kreyer, 2008) . According to recent findings the cardiovascular modulation via vagal influence relies mainly on ventromedial prefrontal cortex and amygdalahippocampal complex (Hansel & von Känel, 2008; HiIz et al., 2006) , which are crucial for neurobiological mechanisms involved in pathophysiology of PTSD (Dickie et al., 2008; Elzinga & Bremner, 2002; Liberzon et al., 2007) .
EMDR AND WORKING MEMORY
A typical memory reprocessing during EMDR requires an ability of consciousness to integrate several simultaneous modes of information processed in working memory (Maxfield et al., 2008) . According to several recent findings BLS loads the capacity of working memory (Gunter & Bodner, 2008; Kemps & Tiggemann, 2007; Andrade et al., 1997) . BLS in EMDR supports a detached position during reprocessing of traumatic memory (Lee & Drummond, 2008) , which is correlated with improvement in symptoms (Lee et al., 2006) . This finding is in agreement with results of research studies focused on impact of eye movements on image vividness and emotional intensity of autobiographic memories. This research indicates that eye movements reduce the vividness and emotional valence of autobiographical memories (Sharpley et al., 1996a; Kavanagh et al., 2001; van den Hout et al., 2001; Barrowcliff et al., 2003 Barrowcliff et al., , 2004 Lee et al., 2007; Kemps & Tiggemann, 2007; Gunter & Bodner, 2008) .
EMDR AND ORIENTING REFLEX
The orienting reflex (OR) hypothesis about EMDR mechanism of action postulates that the role of stimulation in the procedure is to elicit OR, which in turn triggers changes in activity of central and autonomic nervous system (MacCullogh & Feldman, 1996; Armstrong & Vaughan, 1996) . In general, OR is assumed to enable new information to be noticed and integrated into consciousness, which may cause specific changes in neuronal activity and plasticity (Kaye, 2007) . In this context, several interrelationships can be observed in OR and in EMDR (Hekmat et al., 1994; Armstrong & Vaughan, 1996; Kaye, 2007) . For example, during OR and EMDR perception of painful stimuli is decreased, which is frequently linked to parasympathetic dearousal effect (Hekmat et al., 1994; Armstrong & Vaughan, 1996) . These findings are in agreement with results obtained by analysis of event-related potentials in PTSD patients undergoing EMDR treatment, which have shown post-session attenuation of P3a component representing a correlate of OR related to automatic orientation of attention towards a source of stimulation (Lamprecht et al., 2004) . Several lines of evidence also shows that these attentional alterations may be neurochemically based on decreased noradrenergic activity mediated by inhibitory effects on the locus coeruleus, which also emerges during rapid eye movements REM sleep dream activity (Kuiken et al., 2002; Missonier et al., 1999) .
EMDR AND REM SLEEP
Above reported similarities between eye movements used in the original EMDR procedure and REM sleep have lead to hypothesis that both processes share common neurobiological mechanisms. This hypothesis is also in agreement with findings that PTSD sleep cycle is significantly impaired and reduction of REM sleep presents a typical symptom of PTSD. In addition, REM sleep plays an important role in processing of emotional memories and also memories related to traumatic experiences (Bob, 2004; Wagner & Bom, 2008 , Silvestri & Root, 2008 .
In general, sleep plays crucial role in natural, automatic information processing and memory consolidation without any demands on voluntary control. This includes analysis and synthesis of both old and new information and may produce enhanced declarative memories as well as new implicit insights (Stickgold, 2008) . These effects are strikingly similar to the outcome of EMDR treatment. In this context, Stickgold (2002) hypothesizes common neurobiological background of EMDR and REM sleep. During REM sleep information flow from neocortex to hippocampus is enhanced while transfer in the opposite direction is inhibited and neocortical, semantic (in contrast to hippocampal, episodic) memories are strenghtened. This preference of activity in cortical semantic networks favors weaker, more distant associations to stronger ones, which might explain the hyperassociative nature of dreams and could underlie the loosening of restricted associative chain seen in EMDR.
CONCLUSION
In summary recent findings indicate that Eye Movement Desensitization and Reprocessing represents a promising approach to treatment of posttraumatic disorders (van der Kolk et al., 2007; Bisson & Andrew, 2007; Foa et al., 2000; van Etten & Taylor, 1998) . The specific factors underlying its effectiveness rely particularly on bilateral stimulation, which seems to provoke a specific neurobiological response during traumatic recall particularly in individuals with PTSD. During the reliving of traumatic experience in PTSD, the psychophysiological arousal increases and attention is narrowly focused on reliving the traumatic experience without appropriate correction. At this point EMDR is a suitable method that provides down-regulation of excessive arousal which enables to prepare the central nervous system for refocusing of attention and a new learning. From the ethological perspective the new learning is related to activation of the seeking action system as defined by Panksepp, which comprises explorative and appetitive behavior (Panksepp, 1998; Alcaro et al., 2007) . The seeking system depends on dopaminergic system of lateral hypothalamus, ventral tegmental area and nucleus accumbens, and is closely connected to memory circuits of hippocampus as well as reward cortical circuits. The activation of the seeking system during psychotherapy is likely responsible for the refocusing of attention towards a new information and its incorporation and integration into existing memory networks. On the other hand down-regulation of excessive arousal (Cozolino, 2006; Schore, 2003) is likely achieved by BLS and creation of the safe context of the therapeutic setting (Bowlby, 1969; Hasto, 2005) that presents a radical contrast to the traumatic threat with influence on psychophysiological and neurobiological functioning of the traumatized individual (van der Hart, Nijenhuis & Steele, 2006) .
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